ABSTRACT: Data from 970 feedlot steers and bulls were used to evaluate effects of different age end points on the accuracy of prediction models for percentage of retail product, retail product weight, and hot carcass weight. Cattle were ultrasonically scanned three to five times for fat thickness, longissimus muscle area, and percentage of intramuscular fat. Live animal measures of body weight and hip height were also taken during some of the scan sessions. Before development of prediction equations, live and ultrasound data were adjusted to four age end points using individual animal regressions. Age end points represented mean age at slaughter (448 d), mean age at the second-to-last scan before slaughter (414 d), mean age at the third-to-last scan before slaughter (382 d), and an age end point of 365 d. Ultrasound and live animal measures accounted for a large proportion of the variation in the dependent variables regardless of the age end point considered. For all three traits, final models based on independent variables adjusted to earlier ages of 365 and 382 d showed better or at least similar model R 2 and root mean square errors than those based on independent variables adjusted to a mean slaughter age of 448 d. Validation of the models using independent data from 282 steers resulted in a mean across-age rank correlation coefficient of .78, .88, and .83 between actual and predicted values of the percentage of retail product, hot carcass weight, and retail product weight, respectively. Mean across-age rank correlation of breeding values for the corresponding traits were .92, .89, and .82. The results of this study suggest that live and ultrasound traits measured as early as 365 d could be used to predict end product traits as accurately as similar measures made before slaughter at age 448 d.
Introduction
The efficacy of using real-time ultrasound ( RTU) technology in predicting the amount and percentage of retail product has been evaluated by several workers (Greiner et al., 1995; Hamlin et al., 1995; Williams et al., 1997) . Most of these authors have concluded that live-and RTU-based prediction models are as accurate as those based on postmortem carcass measures.
Further attempts to improve accuracy of prediction have thus far involved a search for alternative measurement sites (Greiner et al., 1995; Williams et al., 1997) . Therefore, the next logical step in the design of an efficient data collection strategy should be determining the most appropriate age of measurement that maximizes the correlation with final carcass measures. Current Beef Improvement Federation ( BIF) guidelines (BIF, 1996) recommend scanning seedstock animals when growth and reproductive data are taken. However, pertaining to such end products as percentage of retail product ( PRP) , retail product weight ( RPW) , and hot carcass weight ( HCW) in feedlot cattle, there is no strong research evidence available to support adoption of the above recommendation. Hence, a rigorous evaluation and validation of prediction models based on more live and RTU variables measured or adjusted to a wide range of age end points is imperative. The objective of this study was to evaluate the ability of prediction models for percentage of retail product, retail product weight, and hot carcass weight when live and RTU measures are adjusted to four age end points.
Materials and Methods

Description of Data
Model Development. Data for model development included RTU, live animal, and carcass information from 970 feedlot steers and bulls fed at the Rhodes and McNay beef research farms of Iowa State University ( ISU) . These cattle were part of a serial scan and serial slaughter project designed to evaluate sex, age, and frame size differences in carcass composition. Data in 1991 were from progeny of synthetic sires from the previous ISU beef breeding project (Buttram and Willham, 1989; Northcutt et al., 1991) . The rest of the data from 1992 to 1996 came from progeny of registered Angus and Simmental sires with known EPD and females from a previous breeding project. A detailed description of mating plans during the earlier stages of the project are given elsewhere (Hassen and Willham, 1994) .
Progeny were born in spring (March−April), weaned in fall, and started on feed in November. Cattle were fed an 85% concentrate diet consisting of corn and corn silage, assuming corn silage is 50% concentrate and 50% roughage. Cattle were fed once daily in a semiconfined unit with inside shelter and outside lots. Steers were implanted with Synovex ® -S (Fort Dodge Animal Health, Fort Dodge, IA) early in the feeding period.
Cattle were ultrasonically scanned between the 12th and 13th ribs three to five times for external fat thickness ( UFAT) and longissimus muscle area ( ULMA) . Ultrasound measurements were made by a BIF-certified technician using an Aloka 500-V unit (Corometrics Medical Systems, Wallingford, CT) equipped with a 3.5-MHz, 17.2-cm linear array transducer. The transducer was positioned laterally between the 12th and 13th ribs on the right side of the animal after the scanning site was determined by palpation. Duello (1993) provided a detailed account of animal preparation. With the exception of the 1st 2 yr, weight ( WT) measurements were taken during each scan session. Hip height ( HT) and RTUpredicted percentage of intramuscular fat ( UPIMF) were measured on approximately 200 progeny. Ultrasound images for prediction of UPIMF were taken longitudinally without a wave guide (stand-off block) across the 11th to 13th ribs of the animal at a position three-fourths of the distance from the medial end of the ribeye area to the lateral end. In the ultrasound laboratory, images were processed using the software package USOFT (Amin et al., 1997) .
Live and RTU data were adjusted to four different age end points. These age end points represented mean age at slaughter (448 d), mean age at the second-to-last scan before slaughter (414 d), and mean age at the third-to-last scan before slaughter (382 d). For a more practical evaluation, data were also adjusted to an average age end point of 365. Data were adjusted based on individual animal regression resulting from previous work (Hassen et al., 1997) .
Cattle were slaughtered at three age end points. Each year, bulls and steers were assigned to slaughter groups randomly within sire breed. The mean age at first slaughter for the entire study period was 423 d; subsequent slaughters took place at an average interval of 25 to 30 d. Cattle were transported to a commercial slaughter facility within the next 2 to 3 d after the last scan and harvested according to humane cattle-processing practices. Carcass traits collected were HCW; carcass 12th to 13th rib fat thickness ( CFAT) ; carcass longissimus muscle area ( CLMA) ; and kidney, pelvic, and heart fat ( KPH) .
Carcass measurements were collected by ISU meat scientists. Carcass fat thickness was measured with a steel ruler and CLMA was measured with a USDA grid. A .635-cm-thick facing was removed from the 12th rib of carcass, returned to ISU meat laboratory, and trimmed to contain only the longissimus muscle. The sample was then freeze-ground in a blender with liquid nitrogen. Subsamples of this freeze-ground material were removed for hexane extraction according to AOAC (1990) procedures. Individual animal PRP and RPW values were computed from carcass measures using equations from BIF guidelines (BIF, 1996) and Epley et al. (1970) , respectively. It is recognized that these equations have their own R 2 values. However, not having PRP and RPW data available, it was the best standard form to determine whether live and RTU measures are potentially useful in predicting these traits for individual animals.
Model Validation. Data for model validation came from 282 crossbred steers from Cycle V of the Germ Plasm Evaluation Study at the U.S. Meat Animal Research Center (Greiner et al., 1995) . Steers were scanned by a BIF-certified technician for UFAT, ULMA, and UPIMF 4 to 5 d before slaughter using an Aloka 500-V unit (Corometrics) equipped with a 3.5-MHz, 17.2-cm linear array transducer. Cattle were slaughtered at a commercial slaughter facility, and carcasses were chilled for 24 h before routine carcass measurements were taken. One side of each carcass was fabricated into boneless retail cuts trimmed to 0 cm of fat thickness to determine PRP and RPW.
Statistical Analysis
Model Development. Development of prediction models was initiated through evaluation of correlations between dependent variables of PRP, HCW, and RPW with adjusted live and RTU variables of UFAT, ULMA, WT, HT, and UPIMF. In further evaluation, data were subjected to multiple regression techniques using the stepwise procedure of SAS (1989) . In all cases, a 10% level of significance was used as a criterion for variables to be included and to remain in a model. For further comparison of contender models in each subset of independent variable size, the same Scatter diagrams of residuals from linear regression models did not show any specific trend to suspect lack of fit. Hence a linear model was assumed in adjusting all traits. In the absence of serial measures, adjustment was made by determining a 0-d age intercept from the pooled data and combining it with the individual steer growth rate (Duello, 1993) . The use of a single equation in this situation may reduce group differences and affect individual animal rank. However, it is assumed that bias created in data adjustment equally affects all age end points. Accuracy of prediction was assessed by calculating the mean bias (predicted minus actual) and rank correlation of phenotypic and breeding values ( BV) . Breed effect and animal solutions were generated using MTDFREML program (Boldman et al., 1993) . The model included the overall mean, breed effect (as covariates), animal, and the error terms. Breeding values of parents and nonparents were calculated according to Van Vleck et al. (1992) .
where BV X = breeding value for animal X; c i = fraction of inheritance of animal X from breed i, i = 1, 2, . . ., 8; b i = solution for the i th breed effect, i = 1, 2, . . ., 8; and a x = solution for the additive genetic value of animal X as a deviation from its breed group effect.
Analysis was made using the actual PRP, RPW, HCW, and their corresponding predicted values. For each trait, predicted values came from the four prediction models. Hence, including actual measures, a total of 15 separate single-trait analyses were made.
Results and Discussion
Model Development
Ultrasound fat thickness showed a strong ( P < .01) and negative linear association with PRP ranging from −.57 to −.64 (Table 1) . Earlier studies have shown UFAT to be the single most important variable in predicting PRP (Herring et al., 1994; Greiner et al., 1995; Hamlin et al., 1995) . Herring et al. (1994) , for instance, reported a correlation of −.42 to −.52, and Williams et al. (1997) also reported a relatively low correlation coefficient of −.38.
The other variable with a strong negative correlation with PRP is UPIMF. Thus far, not much work has been done to include UPIMF in prediction models. However, Crouse and Dikeman (1976) reported a negative and much larger ( −.84 to −.90) correlation between ether extract and PRP. This strong and consistent association of UFAT and UPIMF with PRP suggests that these two variables may be the most valuable predictors of PRP regardless of the age end point. Although small, the correlation of WT with PRP was negative and different from zero ( P < .01). Other variables, such as HT and early measures of ULMA, showed a poor or no correlation. Although the correlations of ULMA with PRP at later ages were different from zero ( P < .01), these values were quite small, indicating the limited role of ULMA in modeling PRP. Other workers (Wallace et al., 1977; Herring et al., 1994; Hamlin et al., 1995) also questioned the importance of ULMA in predicting PRP. Similarly, Cross et al. (1973) suggested that longissimus muscle area may account for a better proportion of the variance in PRP in cattle with a low variance for carcass fat thickness. Traits including WT, HT, and ULMA were positively correlated ( P < .01) with HCW and RPW. With the exception of marginal changes, the degree of this linear association across ages was consistent. However, UFAT and UPIMF were poorly associated with HCW and RPW.
There is overall agreement among researchers that live-animal measures of fat, especially of UFAT, is the single most important independent variable in its linear association with PRP (Wallace and Stouffer, 1974; Herring et al., 1994; Greiner et al., 1995) . However, measures of weight and muscle including ULMA, WT, and HT do generally correlate well with kilograms of retail product (Wallace et al., 1977; Herring et al., 1994; Williams et al., 1997) . However, in this study, the relative consistency of correlation coefficients across varying age end points is of major interest. The nearly uniform linear association of live and RTU variables with carcass measures across ages provides evidence for a possible use of early live and RTU measures in cattle feeding (Houghton, 1988; Houghton and Turlington, 1992) and development of expected progeny difference (Wilson, 1992) .
Results of stepwise procedures for PRP are shown in Table 2 . In agreement with the preliminary results in Table 1 , UFAT accounted for the largest proportion of the variation in PRP (42 to 48%) and was the first variable to be included in the model across all age end points. Although UPIMF was the second variable to be included in the model, it accounted for only 3% of the variation across all ages. The low partial R 2 for UPIMF was expected and is not in contradiction with the results shown in Table 1 . When PRP is regressed using a single variable model across all the four age end points-on the average-UPIMF, WT, ULMA, and HT accounted for 30, 20, 1, and .9% of the variation in PRP, respectively (data not shown). However, once UFAT is in the model, the marginal contribution of UPIMF in terms of reducing the sums of squares becomes quite small. This means that UPIMF provides limited information beyond what is already explained by UFAT. The problem of colinearity between UPIMF and UFAT also could seen from the relatively large change in the regression coefficient for UFAT between steps one and two for all age end points.
Although stepwise procedures for earlier ages of 365 and 382 d required one additional step to complete model selection, final equations for all age end points involved the same number and kind of variables. However, except for UPIMF the partial R 2 of variables was not the same across all ages. One notable trend in this case is the slight increase in the amount of variation accounted for by UFAT and WT at the three earliest ages. Indeed, the increase in partial R 2 of these two variables seems to have resulted in a better model R 2 for the final models at earlier ages of 365 d (MP-365) and 382 d (MP-382) than at age 448 d (MP-448).
Live weight accounted for a larger proportion of the variation in HCW (66 to 73%), with a slight increase in partial R 2 as age at scans were further away from (Table 3) . In contrast to its strong linear association with HCW, HT did not provide a sufficient reduction in the partial sum of squares to warrant its inclusion in all HCW final models. The regression of HCW in a single variable model showed a mean across-age partial R 2 of .30, .38, .05, and .02 for HT, ULMA, UFAT, and UPIMF, respectively (data not shown). However, in the presence of WT, HT did not provide any significant additional information, leading to its exclusion from HCW equations. Although ULMA had the second largest partial R 2 in equations at two of the age end points (MC-448 and MC-414 d), it was not included in model MC-365. Generally, the increase in final model R 2 at measurement dates further from slaughter seems to be due to an increase in partial R 2 for WT at earlier ages. The output of the stepwise procedure for RPW (Table 4 ) is generally similar to the results for HCW. For all age end points, WT showed the largest partial R 2 (.59 to .63) and was the first variable to be included in the model. For ages 448 and 414 d, ULMA was the second variable included in the model, accounting for an additional 7 and 8% of the variation in RPW for the respective ages. However, at earlier ages of 365 and 382 d, UFAT accounted for the second largest ( 9 to 10%) variation in RPW. Similarly, the model R 2 for MW-365 and MW-382 were larger than MW-448.
The C P statistic is a criterion often used in regression model evaluation. Draper and Smith (1981) have shown that for adequate equations with P parameters, including the intercept, E(C P ) = P. That is, models with C P values smaller than or equal to the number of parameters could be considered for further evaluation (Gorman and Toman, 1966) . For each trait and age end point subclass, most final models satisfy this condition or at least have closer C P values. Furthermore, there was no change in the conclusion when models selected in the stepwise method were compared with the results in RSQUARE procedures for the same number of independent variables.
In the regression of PRP on UFAT, Hamlin et al. (1995) reported an increasing model R 2 as scan session advances from first through final, which is in contradiction with the results of this study. In further evaluation, the authors indicated an increasing model R 2 from a minimum of .23 on measurement date one to .64 for measurement date six, and these models included age, marbling, weight, and quality grade, in addition to UFAT and ULMA. However, unlike the present study, data used in their analyses were not adjusted to a common age end point. Indeed, there was an overlap of age of measurements for scan sessions held from measurement date three to the final date. In addition, in all three-variable equations, the level of statistical significance associated with their test of partial regression coefficients is not clear. The R 2 is nondecreasing, and a model with all independent variables is best when evaluated based on model R 2 (Rawlings, 1988) . Herring et al. (1994) reported a higher R 2 (.78 to .84) for final RPW prediction but rather lower R 2 (.31 to .48) for PRP. Similarly, Williams et al. (1997) compared prediction models for PRP and RPW when RTU-measured rump fat thickness and biceps femoris thickness are used in addition to UFAT, ULMA, and final WT. Model R 2 ranged from .18 to .32 for PRP and from .85 to .87 for RPW equations. However, for both traits, some of the equations contained regression coefficients not different from zero ( P > .10).
All final models at earlier ages have made a better or at least a similar R 2 and root mean square error ( RMSE) as those at mean slaughter age. This could be due to several reasons. For those individuals slaughtered at earlier ages, there could be a problem of extrapolation when data are adjusted to a mean slaughter age of 448 d, likely reducing the variance of measurements. Based on their work on Brangus cattle, Waldner et al. (1992) related accuracy of RTUmeasured UFAT and ULMA with age at scan. They recommended that animals be scanned for external fat thickness at an age of 12 mo and for ULMA at 12 to 14 mo. Hence, a relatively low accuracy of measurement in the latter stages of feeding also might have affected accuracy of age adjustment.
The relative importance of some of the live and RTU measures is another concern. Across all ages, UFAT and WT were the most dominant predictors of PRP and weight traits (HCW and RPW), respectively. These results are in complete agreement with findings of previous workers including Herring et al. (1994) and Williams et al. (1997) , who concluded that measures of fat account for a large proportion of the variation in PRP ( R 2 = .24 to .50), whereas measures of muscle often do best in the prediction of RPW ( R 2 = .65 to .84). However, in the prediction of any particular end product trait, often there seem to be changes in the importance of independent variables when adjusted to different age end points, ranging from re-ranking in the partial R 2 to deletion of some of the variables from a model. This may be due to the difference in the (co)variances of traits at different age end points. The situation affirms the statement of Herring et al. (1994) , who also emphasized the possible difference in the importance of variables at different ages within breeds or biological types. Therefore, this may suggest that if equations are to be developed for prediction of PRP, RPW, and HCW from earlier measurements, selection of independent variables and development of regression equations need to be done based on measurements made or adjusted to the corresponding age ranges.
The other very important issue that needs to be addressed is the way in which PRP and RPW data were generated. As explained in the previous section, the prediction formula for PRP (equation I ) and RPW (equation II) were obtained from BIF guidelines (BIF, 1996) and Epley et al. (1970) , respectively. It is recognized that these equations have their own R 2 values. The R 2 values for equations I and II are .54 and .90, respectively. However, not having actual values for the traits, this was the best standard available from which to determine whether live and RTU data have any potential of being useful in predicting PRP and RPW for individual animals at varying age end points. Any possible concern in this approach needs to be seen in relation to the effects of using calculated PRP and RPW values on the objectives of the present study. It is true that bias is introduced by using calculated PRP and RPW values. However, the magnitude of this bias is assumed the same across all age end points. Therefore, R 2 values shown in Tables 2 and 4 are values given that PRP and RPW are calculated data. Otherwise, the final R 2 with respect to the data used to develop equations I and II is the product of the two R 2 values. That is, for each of the final PRP models, the final R 2 is: R 2 of equation I × R 2 of present PRP models. For each of the final RPW models, the final R 2 is: R 2 of equation II × R 2 of present RPW models.
Therefore, the results of the present study need to be considered as preliminary observations on the effects of age of measurement on the prediction of final end products including HWC, PRP, and RPW. After carcass traits that are best adjusted at an age constant basis have been identified, actual age-specific equations need to be developed based on actual PRP, RPW, and HCW data for use by the industry.
Model Validation
Descriptive statistics for the unadjusted carcass, live, and RTU data used for validation testing are given in Table 5 . Steers were of diverse genetic origin, with inheritance from eight breeds, including Hereford (.21), Angus (.34), Brahman (.06), Pinzgauer (.06), Red Poll (.06), Boran (.08), Tuli (.07), and Belgian Blue (.12) (Greiner et al., 1995) . Mean age of steers at slaughter was 441.6 d, and PRP, HCW, and RPW were adjusted to a mean age of 448 d. Table 6 shows the mean PRP, HCW, and RPW predicted with the four final equations for each trait. All mean predicted PRP values from the four models were closer to the actual mean PRP adjusted to 448 d (65.03%, data not shown). Even though MP-365 often tended to overpredict ( P < .01), MP-382 often underpredicted ( P < .01) steer PRP. Model MP-448 overpredicted steer PRP, but the bias in this case was not different from zero ( P > .05). Mean bias for MP-448 was not different ( P > .05) from those of MP-414 and MP-365. However, all other paired comparisons of mean bias values were important ( P < .05).
Models for prediction of HCW have all underpredicted mean HCW of steers. Although biases in prediction of HCW are all different from zero ( P < .01), differences in the magnitude of bias between equations were not important ( P > .05). On the other hand, RPW prediction equations showed a relatively accurate prediction with mean bias not different from zero ( P > .05).
The overall across-age mean rank correlations between actual predicted values of PRP, HCW, and RPW were .78, .88, and .83, respectively (Table 6) . For all traits, except for the relatively low correlation coefficients for MC-365, differences between models were small. The mean across-age rank correlation coefficients of breeding values were higher than correlation of phenotypic measures showing overall mean values of .92, .89, and .82 for PRP, HCW, and RPW, respectively.
There are few recently published reports that concurrently deal with development and validation of prediction models. Herring et al. (1994) compared predicted PRP and RPW values of steers from equations developed based on live and RTU data, carcass data, and also using USDA equations. The mean rank correlation coefficients for the respective equations for PRP were .62 (.57 to .66), .69 (.68 to .72), and .61 (.54 to .68), all of which are lower than estimates in the present study. However, their validation test for RPW equations showed high R 2 values of .89 (.87 to .92) and .93 (.92 .94) for live-and carcassbased models, respectively. In the present study, data for model development came from bulls and steers with varying proportions of Angus, Simmental, and other breeding, and validation was done with steers with even more diverse genetics. Hence, a more accurate model could be developed for a given age end point using a less-variable group of cattle within a breed. However, this study has clearly addressed its purpose in terms of assessing effects of age of measurements on the components of prediction models and their accuracy. Therefore, observations made from the present study suggest that earlier measured UFAT, ULMA, and UPIMF by a certified technician, together with other live measures, could be used to predict end products as well as similar measures made just before slaughter.
Implications
Feedlot producers should be able to sort cattle into uniform groups to produce carcasses with a consistent weight and quality and yield grade using live and RTU measures. Furthermore, prediction equations could be developed to predict lean weight and composition of carcasses at slaughter based on live and RTU information early in feeding or to predict the number of days needed to reach a desired weight and compositional end point under a given management condition. From genetic evaluation standpoint, carcass merit of potential sires could be predicted as early as a year of age using live and RTU measures. This information, together with half-sib slaughter data, could be used to strengthen current breed data bases and to calculate carcass expected progeny difference.
